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Specification 



Tr an sn ort — System for Small Components „ 

The invention relates to a transport system for small 
components, in particular electrical components, which 
are arranged in series in said transport system. 

Such a transport system is known from EP 0 085 837 Bl . 
This known transport system consists of cassettes having 
a plurality of levels, with a plurality of rod-shaped 
magazines being received in each level and said maga- 
zines each accommodating a series of components. These 
magazines are movable and, for processing the compo- 
nents, are each removed from the cassette and inserted 
in the processing tool and, after processing, are re- 
ceived again in an output cassette. For passing an en- 
tire cassette from one processing station to the next 
one, the cassette is shifted to a transportation table 
or another means of transportation and is moved to the 
next processing station. 

This system, though constituting the latest prior art 
for transporting small components, still involves some 
disadvantages. In producing a small component, the time 
necessary for changing the cassettes between the pro- 
cessing stations and for inserting the magazines into 
the processing tools still takes a relatively high 
share . 



To make these times less relevant with respect to the 
entire production time, two processing steps per maga- 
zine carrier are carried out in a row at those process- 
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ing stations where this is possible. However, some pro- 
cessing steps, such as matching of the magnets in the 
production of relays, have different processing times. 
40 In case of such processing steps carried out in a row, 
the slower one of the two stations thus always deter- 
mines the clock feed, thereby reducing again the effi- 
ciency of two processing units at a magazine carrier. 

45 It is thus the object of the invention to indicate a 
transport system increasing the efficiency of a produc- 
tion line. 

According to the invention, this object is met in that 
Z] so said transport system is designed as form chain having 

U3 an arbitrary number of chain links and the small compo- 

VJl nents are accommodated in the chain links. 

w • 

Ej The form chain can be passed from one processing station 

p| 55 to to next one without a problem, whereby the insertion 

l^jj of cassettes in the processing stations and of the maga- 

p zines in the clock modules are eliminated. The design of 

^" the transport system as form chain provides the addi- 

tional advantage that differences in the clock time can 
60 be compensated by chain loops between the individual 
processing stations. Due to the fact that one time the 
first working station and another time the second work- 
ing station needs a longer clock time, the chain loop 
arranged therebetween one time becomes shorter and one 
65 time longer, without the two working stations impeding 
each other . 

It is expedient to provide only one accommodation cavity 
per chain link so that feeding always can be carried out 
70 immediately after processing, in contrast to the case 
with two accommodation cavities where feeding is also 
dependent on the processing time of the additional com- 
ponent . 
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75 The accommodation cavity preferably has a resilient wall 
through which the component is urged against an opposite 
rigid wall. Moreover, it is advantageously formed as 
through opening, permitting access to both sides of the 
component. For access to both sides, it is advantageous 
80 furthermore if the chain links are pivotable about an 
axle or pin transverse to the direction of insertion of 
the accommodation cavity. If the form chain is passed in 
horizontal direction, processing of the components can 
take place from above, and if processing from the lower 
^ 85 side is desired, the form chain is moved in a loop such 

that the bottom side of the components is directed up- 
wardly. It has turned out as an especially space-saving 
solution to guide the chain in the processing station in 
vertical direction so that processing can take place 
90 from both sides thereof. The arrangement of the pin 
transversely to the direction of insertion of the compo- 
nents in the accommodation cavity provides the addi- 
tional advantage that the loops between the processing 
S ■ stations hang down due to gravity so that there are thus 

95 no specific measures necessary for accommodating the 
^ ' buffer loops. 

However, it is just as well possible that the chain 
links are pivotable perpendicularly to the direction of 

100 accommodation of the accommodation cavity. This design 
has the advantage that the chain can be guided horizon- 
tally in a bend or a circle and thus can be fed better 
to processing stations arranged in horizontally stag- 
gered manner. This modification also is advantageous for 

105 use in small rooms or for guiding the chain through sev- 
eral rooms . 



110 



In a slightly more complex embodiment, the chain links 
are connected via two mutually perpendicular axles so 
that, with the exception of the increased manufacturing 
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costs and the more complex guiding of the chain, the ad- 
vantages of the two modifications described hereinbefore 
are united. 

115 The chain links are inexpensively made by plastics in- 
jection molding- The axles or pins between the chain 
links preferably consist of metal and project laterally 
beyond the walls of the accommodation cavity. At the 
projecting ends of the metal pins, the chain links on 
120 the one hand can be guided in ideal manner and on the 
other hand can be fixed exactly in the processing sta- 
ll tions. Guiding and fixing on the metal pins has the ad- 
vantage that no wear occurs on the plastics chain link 
and no formation of particles takes place which may en- 
125 tail problems in the production of electronic compo- 
nents . 



w It is expedient if the accommodation cavities at least 

^ have the height of the components to be accommodated. In 

M ! 

p| 130 this case, the component may be accommodated completely 

C5 in the accommodation cavity of the form chain and the 

^™ ; form chain, for storage or delivery, may be wound on a 

spool or bobbin. 

135 Further embodiments and advantageous developments are 
indicated in the dependent claims. 

The invention will be elucidated hereinafter in more de- 
tail by way of embodiments shown in the drawings in 
140 which 

Fig. 1 shows a side view of a chain link accord- 

ing to the invention, 



145 



Fig. 2 



shows a top plan view of the chain link 
according to Fig. 1, 
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Fig. 3 shows a front view of the chain link ac- 

cording to Fig . 1 , 

150 

Fig. 4 shows a top plan view of a form chain 

consisting of chain links according to 
Fig. 1, 

155 Fig. 5 shows a side view of a chain link in 

which the direction of insertion of the 
components to be accommodated is parallel 
to the connecting axles of the adjacent 
chain link, 

160 

Fig. 6 shows a top plan view of the chain link 

according to Fig. 5, 

Figs. 7 and 8 show a top plan view and a side view, re- 
165 spectively, of a chain link adapted to be 

connected to the adjacent chain link via 
two mutually perpendicular pivot axles, 

Figs. 9 and 10 show a side view and a top plan view, re- 
170 spectively, of a connecting piece in- 

serted between the chain links according 
to Figs. 7 and 8 to form a form chain, 

Fig. 11 shows a top plan view of a form chain 

175 having mutually perpendicular pivot axles 

along with chain links according to Figs. 
7 and 8 and connecting pieces according 
to Figs. 9 and 10, 

180 Figs. 12 and 13 show a sectional side view and a top 

plan view, respectively, of a chain link 
having a modified pivot axle construction 
and component fixation, 
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185 Figs. 14 and 15 show a sectional side view and a top 

plan view, respectively, of a form chain 
having chain links according to Figs . 12 
and 13. 

190 Figs. 1 to 4 illustrate a first embodiment of the trans- 
port system according to the invention. The transport 
system consists of a form chain 1 (cf. Fig. 4) composed 
of a series of chain links 2 . Each chain link 2 has an 
accommodation cavity 3 in which one small component 4 
— 195 each can be accommodated and fixed. For fixing the small 

yi components 4, the chain link has a rigid wall 5 and a 

t*£ resilient wall 6. The resilient wall 6 consists of an 

outer wall 7 having on the inside thereof a central web 
fej 8 extending in the direction of insertion of the small 

Sty • 

r: 200 components 4 and having on both sides thereof resilient 

arms 9 extending therefrom. Between the free ends of the 
Q ; resilient arms 9 and the inside of the outer wall 7 

§f there is thus formed an air gap 10 into which the resil- 

y^j /| lent arms 9 can retract upon accommodation of a small 

205 component 4. The resilient armsy\Jkf, on the outsides 
thereof, have a bead 11 facing in the direction of the 
accommodation cavity 3 and extending in the direction of 
insertion of the small components 4 on the resilient 
arms 9. By means of the beads 11 on the resilient arms 
210 9, the small component 4 thus is urged against the oppo- 
site rigid wall 5 and fixed. The resilient arms 9 as 
well as the beads 11 extend over the full height of the 
accommodation cavity so that the small component to be 
accommodated can be fixed at all levels. The accommoda- 
215 tion cavity 3 is designed as through opening, permitting 
access to the component from both sides thereof . 

On the outside of rigid wall 5, there are arranged two 
lateral arms 12 and 13 each having a bore 14 for accom- 
220 modating a pin for connecting the chain links. On the 
opposite side of chain link 2, the outside of outer wall 
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7 has a central arm 16 with a bore 17 arranged thereon 
which, upon connection of the chain links 2, is slid be- 
tween the two lateral arms 12 and 13 and is connected 
225 thereto by insertion of the common pin 15. The width of 
the central arm 16 is matched to the spacing between the 
two lateral arms 12, 13 such that the chain links still 
can be pivoted well about the connecting pin 15, while 
however axial movement between the chain links is ex- 
230 eluded. The resilient wall 6 and the rigid wall 5 in the 
embodiment shown are laterally connected via the two 
g side walls 18 and 19. These side walls 18 and 19 are 

spaced apart exactly in the length of the component 4 to 

m 

p be accommodated. Rigid wall 5, along the majority of its 

<j 235 length, has a U-spaced recess 20, so that the component 

to be accommodated is urged against the lateral sections 
5a and 5b of wall 5 only. 



O On the outside of side walls 18 and 19, there are ar- 

j£ 240 ranged elongate projections 21 and 22 in the longitudi- 

y*! t nal direction of the chain, which serve for guiding the 

p chain links. These projections 21 and 22 are arranged at 

the same level as pins 15 mutually connecting the chain 
links, and in the width thereof approximately correspond 
245 to the diameter of the pins 15. The pins 15 project be- 
yond the outsides of lateral arms 12, 13 to such an ex- 
tent that the face side thereof is flush with the out- 
side of projections 21, 22. 

250 In an embodiment not shown in the drawings, there are 
provided no side walls 18, 19 and rigid wall 5 as well 
as resilient wall 6 are connected via the projections 
21, 22 only. 

255 The exact positioning of the chain links in the tool 
takes place by means of pins 15 that are made of metal . 
In contrast thereto, the remainder of the chain links is 
made by inexpensive plastics injection molding. Due to 
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guiding and positioning on the projecting sections of 
260 the metal pins 15, wear on the plastics body is avoided, 
and particle formation due to wear, involving great 
problems in the production of electronic components, is 
eliminated. 

265 Fig. 4 illustrates a form chain in a top plan view, with 
the form chain consisting of chain links as described 
with reference to Figs. 1 to 3 . This form chain 1 is a 
vertically deflectable form chain, i.e. the pins 15 are 
^ arranged perpendicularly to the direction of insertion 

tgi 270 of the components 4 in the accommodation cavities 3 . 

Figs. 5 and 6 show a side view and a top plan view, re- 
W spectively, of a chain link of a horizontal form chain. 

?3 The essential difference from the chain links shown in 

g". 275 Figs. 1 to 4 resides in that the connecting pin 15 

P (shown in Fig. 5) extends in the direction of insertion 

;Q of a component 4 in the accommodation cavity. The lat- 

jLJf eral arms 12, 13 thus are arranged above each other on 

S rigid wall 5. The bore 17 in the central arm 16 arranged 

^ 280 on the opposite outer wall 7 also extends in the direc- 

tion of insertion of a component in the accommodation 
cavity 3, so that the central arm 16, upon mating of 
chain links 2, can be received between the lateral arms 
12, 13. In this embodiment, the pin 15 is not arranged 
285 to be projecting beyond the lateral arms 12, 13, so that 
fixing of the chain links 2 in the tool takes place via 
the lateral projections 21 and 22 only. All other fea- 
tures are analogous to the chain link described in Figs. 
1 to 4. 

290 

A horizontal form chain consisting of chain links as de- 
scribed in Figs. 5 and 6 can be bent in horizontal di- 
rection and thus may easily be passed to processing sta- 
tions distributed in a room. 
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Figs. 7 to 11 shows the constituent parts of a form 
chain 1 with two pivot axles or pins 15a and 15b as well 
as part of the form chain proper. All features corre- 
sponding to the form chain according to Figs 1 to 4 
bear the same reference numerals and will not be de- 
scribed in the following. The form chain with two pivot 
pins consists of chain links 2 (cf. Figs. 7 an 8) and 
connecting pieces 23 (cf. Figs. 9 and 10) which are in- 
serted between the chain links 2 upon assembly of the 
form chain. The chain links 2 on one side thereof re- 
ceive the pin 15a transversely to the direction of in- 
sertion of the small components 4 in the accommodation 
cavity 3 and on the opposite side thereof receive the 
pin 15b perpendicularly to said direction of insertion 
of the small components 4 in the accommodation cavity. 
In the embodiment shown, the lateral arms 12a and 13a on 
the side of rigid wall 5 are arranged so as to receive 
pin 15a transversely to the direction of insertion in 
accommodation cavity 3, whereas on the side of resilient 
wall 6 on outer wall 7, the lateral arms 12b and 13b are 
arranged above each other so that they can receive the 
connecting pin 15b in the direction of insertion in the 
accommodation cavity. The connecting piece 23 shown in 
Figs. 9 and 10 consists of two halves 23a and 23b that 
are mutually identical, but connected to each other in a 
manner displaced by 90°. Each of the connecting halves 
23a and 23b has a bore 24a and 24b, respectively, 
through which the pins 15a and 15b, respectively, are 
introduced upon assembly of the form chain. 

In the embodiment shown, the lateral arms 12a and 13a 
are spaced apart by the same distance as lateral arms 
12b and 13b. Due to this, the two halves 23a and 23b of 
the connecting piece can be formed in identical manner 
and just need to be offset from each other by 90°. 
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However, it is just as well possible to space the lat- 
eral arms 12a and 13a as shown in Fig. 2 and to form the 
connecting piece 23a correspondingly wider. 



335 



Fig. 11 shows the form chain with the chain links ac- 
cording to Figs. 7 and 8 and the connecting piece ac- 
cording to Figs. 9 and 10 in the assembled state. The 
half 23a of the connecting piece is received between 
340 lateral arms 12a and 13a, and the other half 23b is re- 
ceived between lateral arms 12b and 13b of the adjacent 
connecting piece. By insertion of the pins 15a and 15b, 
the chain links are fixedly connected to each other so 
as to be pivotable about pins 15a and 15b, respectively. 



The pins 15a laterally project beyond the outsides of 

the lateral arms 12a and 13a to such an extent that the 

Ui 

d v end faces are aligned with the outside of projections 21 

p and 22. This form chain, which is double-deflectable, 

p| 350 thus may also be guided via the projections 21, 22 and 

\U the pins 15a. 

JJ! Figs. 12 to 15 show an additional embodiment of a verti- 

cally deflectable form chain. Features corresponding to 

355 those of the form chains described hereinbefore bear the 
same reference numerals and shall not be elucidated in 
more detail. The chain links of this form chain, on the 
side of rigid wall 5, are provided as well with two lat- 
eral arms 12, 13 having respective bores 14. On the op- 

360 posite side, the chain link has two additional lateral 
arms 25, 26 which, with respect to their position, are 
arranged internally of the lateral arms 12, 13 and have 
circular axle- type projections 27 on the outside thereof 
which upon mating of the chain links engage the bores 14 

365 of lateral arms 12, 13 of the adjacent chain link from 
the inside thereof. The end faces of lateral arms 12, 13 
are each formed with a slope 28 extending inwardly. Upon 
mating of the chain links, the slope 28 rides onto the 
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385 



; 390 



axle- type projections 27, whereby the lateral arms 12, 
370 13 are resiliently bent outwardly and the axle-type pro- 
jections 27 may latchingly engage the bores 14. In this 
embodiment , the resilient wall 6 consists of two resil- 

^ ient arms^ which at the lower end thereof are fixedly 

connected to outer wall 7 and the upper end of which 
375 urges the component 4 against the opposite rigid wall 5. 

£^ The resilient arrns^^^' at the upper inside thereof, are 

provided with a bead 29 exerting pressure on the outside 
of the component 4 . 

380 For centering the chain link in a processing station, 
the outside of stationary wall 5 is formed with a slope 
3 0 at which the centering means of the tool engages, 
thereby exactly determining the position of the chain 
link in the tool. 



The invention is not restricted to the embodiments 
shown. For example, it is also possible to employ the 
resilience feature depicted in the preceding embodiments 
in the form chain according to Figs. 12 to 15. 



